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C-4. Stormwater Wetland

Design Objective

Stormwater wetlands are constructed systems that mimic the functions of natural wetlands and
use physical, chemical, and biological processes to treat stormwater. A stormwater wetland is
designed to capture the design storm and release it slowly over a period of two to five days via a
properly designed outlet structure. The wetland shall be designed in a manner that protects the
device, the areas around the device and the receiving stream from erosion. Stormwater wetlands
temporarily store stormwater runoff in shallow pools that support emergent and riparian
vegetation. The storage, complex microtopography, and vegetative community in stormwater
wetlands combine to form an ideal matrix for the removal of many pollutants. Stormwater
wetlands can also effectively reduce peak runoff rates and stabilize flow to adjacent natural
wetlands and streams.

Design Volume

The design volume for a wetland is the volume that can be retained for a two to five-day period
between the temporary pool elevation and the permanent pool elevation.

Important Links

Rule 15A NCAC 2H .1054. MDC for Stormwater Wetlands
SCM Credit Document, C-4. Credit for Stormwater Wetlands
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http://reports.oah.state.nc.us/ncac/title%2015a%20-%20environmental%20quality/chapter%2002%20-%20environmental%20management/subchapter%20h/15a%20ncac%2002h%20.1054.pdf
https://files.nc.gov/ncdeq/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SSW-SCM-Credit-Doc-20170807.pdf
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Figure 1. Stormwater Wetland Example - Plan View

NON-FOREBAY DEEP POOLS FOREBAY
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PROTECTION

SHALLOW WATER ZONE ZONE

EMERGENCY SPILLWAY
PROVIDED FOR MAJOR (a) 35% TO 45% OF THE WETLAND SURFACE AREA
STORMS AND DESIGNED (b)PLANTING OPTIONS:
FOR EROSION 1) 50 HERBACEOUS PLANTS PER 200 SQ. FT.
PROTECTION

TEMPORARY INUNDATION ZONE
(a) 30% TO 45% OF THE WETLAND SURFACE AREA

e ALANDSCAPE PLAN SHALL BE PROVIDED AND SHALL INCLUDE THE ()PLANTING OPTIONS:
FOLLOWING: 1) 50 HERBACEOUS PLANTS PER 200 SQ. FT.
(a) DELINEATION OF PLANTING ZONES; 2) 8 SHRUBS PER 200 SQ. FT.
(b) PLANT LAYOUT WITH SPECIES NAMES AND LOCATIONS; AND 3) ONE TREE AND 40 GRASS-LIKE HERBACEOUS
(c) TOTAL NUMBER AND SIZES OF ALL PLANT SPECIES. PLANTS PER 100 SQ. FT

e  CATTAILS SHALL NOT BE PLANTED IN WETLAND

Figure 2: Stormwater Wetland Example i Schematic Cross-Section
EMBANKMENT AND PERIMETER FILL SLOPES
PLANT WITH NON-CLUMPING TURF GRASS; NO TREES OR
WOODY SHRUBS

TEMPORARY INUNDATION ZONE
(a) DRAW DOWN BETWEEN 2 AND 5 DAYS
(b) WETLAND MAY TEMPORARILY POND PEAK ATTENUATION
VOLUME AT A DEPTH EXCEEDING 15"
FOREBAY (c) DEPTH: 0-15" ABOVE PERMANENT POOL
(a) ENTRANCE SHALL BE DEEPER THAN EXIT
(b) DEPTH: 24-40" BELOW PERMANENT POOL
(b) IF DEPTH <15", CLEAN OUT FOREBAY

SHALLOW WATER ZONE
DEPTH: 0-9" BELOW PERMANENT POOL

15" MAX

TEMPORARY INUNDATION ZONE |
N 7 PERMANENT POOL Y

~

MIN. 24" TO 40"

SEDIMENT STORAGE AJDUST THE pH, COMPACTION, NON-FOREBAY DEEP POOL
AND OTHER ATTRIBUTES OF (a) DESIGN TO RETAIN WATER
THE FIRST 12" DEPTH OF THE BETWEEN STORM EVENTS
SOIL IF NECESSARY TO (b) DEPTH: A MINIMUM OF18" BELOW
PROMOTE PLANT PERMANENT POOL
ESTABLISHMENT AND GROWTH
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Figure 3: Stormwater Wetland Example - Riser
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DEWATERING METHOD

PROVIDE A METHOD TO DRAW DOWN
STANDING WATER TO FACILITATE
MAINTENANCE AND INSPECTION
(E.G., SKIMMER OR PUMP)

ANTI-SEEP MEASURES

ANTL-FLOTATION SLAB ARE RECOMMENDED

Guidance on MDC

WETLAND MDC 1. TEMPORARY PONDING DEPTH.
The ponding depth for the design volume shall be a maximum of 15 inches above the
permanent pool.

The temporary ponding depth for the design volume may not exceed 15 inches in order to
protect the health of the plants and the integrity of the soils.

An adjustable outlet device is highly recommended. Adjustable outlet devices allow the
owner/operator of the stormwater wetland to easily correct any construction errors in the
wetland depth. In addition, an adjustable outlet device allows the owner/operator to hold the
ponding depth to a lower level (no less than four inches) during the first growing season to allow
the plants to become established. This practice increases the survivability of the plants.
However, the outlet must be brought up to the design ponding depth within the first year after
construction to ensure that the entire design storm is treated. Restoring the ponding depth must
be in the construction contract and the responsible person must be named. Figure 5 shows two
examples of adjustable outlet structures in a stormwater wetland.
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Figure 4: Two Examples of Adjustable Outlets
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WETLAND MDC 2. PEAK ATTENUATION DEPTH.
The wetland may be designed to temporarily pond peak attenuation volume at a depth
exceeding 15 inches.

Additional depth may be provided for peak attenuation; a storm size is not specified, that may
be determined by the applicant and will likely be based on local peak attenuation requirements.

WETLAND MDC 3. SURFACE AREA.

The surface area shall be sufficient to limit the ponding depth to 15 inches or less. The
surface area specifications in Wetland MDC (6) through (9) are based on the wetland at its
temporary ponding depth.

The minimum wetland surface area at temporary pool shall be determined by dividing the
design volume in cubic feet by 1.25 feet (the maximum allowed ponding depth for the temporary
pool). The designer may make the wetland larger (with a shallower ponding depth).

WETLAND MDC 4. SOIL AMENDMENTS.
The pH, compaction, and other attributes of the first 12-inch depth of the soil shall be adjusted
if necessary to promote plant establishment and growth.

A soil analysis should be conducted within the stormwater wetland to determine the viability of
soils for healthy vegetation growth. Imported or in-situ soils may be amended with organic
material, depending on soil analysis results, to enhance suitability as a planting media. More
guidance on soil amendments can be found in Part A-2 of this manual. Native plants grown in
topsoil typically do not need fertilization or lime.
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WETLAND MDC 5. LOCATION OF INLET(S) AND OUTLET.
The inlet(s) and outlet shall be located in a manner that avoids short circuiting.

Stormwater wetlands shall be designed in manner that maximizes the flow path from the inlet or
inlets to the outlet. This allows for sufficient contact time for pollutant removal. Figure 1 at the
beginning of this chapter shows how the flow path can be enhanced with additional sinuosity by
proper grading. Figure 11 on page 25 also shows a good example of extending the flow path.

WETLAND MDC 6. FOREBAY.

A forebay shall be provided at the inlet to the stormwater wetland. The forebay shall
comprise 10 to 15 percent of the wetland surface area. The forebay depth shall be 24 to 40
inches below the permanent pool elevation. The forebay entrance shall be deeper than the
forebay exit. If sediment accumulates in the forebay in a manner that reduces its depth to 15
inches, then the forebay shall be cleaned out and returned to its design state.

The forebay is a deep pool down flow of the inlet to ease maintenance of the stormwater
wetland. Making the forebay entrance deeper than the exit increases its effectiveness at
dissipating energy and settling solids. Deep pools are best colonized by plants with submerged
roots. Deep pools slow flow velocities and trap sediment, absorb nutrients in the water column,
improve oxidation, and create habitat for wildlife and mosquito predators such as frogs, fish, and
dragonfly nymphs during dry times.

WETLAND MDC 7. NON-FOREBAY DEEP POOLS.

Deep pools shall be provided throughout the wetland and adjacent to the outlet structure to
prevent clogging. The non-forebay deep pools shall comprise 5 to 15 percent of the wetland
surface area and shall be designed to retain water between storm events. The deep pools
at their deepest points shall be at least 18 inches below the permanent pool elevation.

Stormwater wetlands should be designed with
non-forebay deep pools that retain some water.
These pools provide habitat for gambusia fish
and other predators (Figure 5), which prey upon
mosquito larvae. Submerged and floating plants
may be used in this area, except around the
wetland outlet device. The deep pool at the
outlet should be non-vegetated to prevent
clogging. Deep pools in A or B soils should be
lined to ensure thattheyd on 6t i n fstayl t
wet between storm events.

Figure 5: Gambusia fish

Site soils and groundwater elevation strongly influence the way stormwater wetlands should be
constructed and their ultimate success or failure. A soils report with a determination of the
seasonal high water table (SHWT) and in-situ soil permeability should be prepared. If the
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SHWT is not located near ground surface and the wetland will be located in A or B soils, a clay
or geomembrane liner should be installed in the deep pools and shallow water areas to sustain
the permanent pool of water. Figure 6 shows a stormwater wetland in Garner, NC that has
been negatively impacted by infiltration.

Figure 6: Stormwater Wetland Impacted by Infiltration

WETLAND MDC 8. SHALLOW WATER ZONE.
The shallow water zone shall comprise 35 to 45 percent of the wetland surface area. The
shallow water zone shall be zero to nine inches below the permanent pool elevation.

Shallow water includes all areas inundated by the permanent pool to a depth of zero to nine
inches with occasional drying during periods of drought. The shallow water zone provides a
constant hydraulic connection between the inlet and outlet structure of the stormwater wetland.
The top of the shallow water zone represents the top of the permanent pool elevation.

WETLAND MDC 9. TEMPORARY INUNDATION ZONE.

The temporary inundation zone shall comprise 30 to 45 percent of the wetland surface area.
The temporary inundation zone shall be between 0 and 15 inches above the permanent pool
elevation.

The temporary inundation zone holds water only after rain events, and rooted plants live in this
zone. The plants and soils in the temporary inundation zone remove pollutants via filtering and
biological processes and provide shade for the stormwater wetland. Plants should be carefully
selected for this zone to ensure survival during both wet and dry conditions. Soil bioengineering
techniques, such as the use of fascines, stumps or logs, and coconut fiber rolls, can be used to
create and reinforce the temporary inundation zone in areas of the stormwater wetland that may
be subject to high flow velocities.
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WETLAND MDC 10. DRAWDOWN TIME.
The design volume shall draw down to the permanent pool level between two and five days.

Besides drawing the design volume down in two to five days, the outlet in a stormwater wetland
should be accessible to operators and resistant to clogging. In addition, the outlet structure
shall have a bypass structure for larger storm events, and may, if the applicant so chooses, be
designed to attenuate peak flows. The orifice may also include manual drawdown valves or
flashboard risers (also called sliding weir plates) so that maintenance personnel can drain the
wetland for maintenance purposes. If installed, drawdown valves should be secured so that
only intended personnel can access them.

It is also recommended that the outlet structure be easily adjusted to allow the owner/operator
to correct water levels as needed. Water levels may need to be lowered during and following
plant installation.

Figure 7 shows the drawdown orifice, the overflow for larger storm events, and a manually
operated valve for maintenance. One method to prevent clogging in the drawdown orifice is to
turn the orifice downward below the normal pool. This prevents floating debris or vegetation
from clogging the orifice.

Figure 7: Outlet Structure

If the wetland is in trout-sensitive waters,
consider extending the orifice to close to the
bottom of the drawdown structure among a pile
of riprap. This will ensure that cooler water
enters the stream to protect trout.

The overflow structure should be located near
the edge of the wetland so that it can be
accessed easily for maintenance. Overflow
structures that are several feet into the wetland
are difficult to reach and likely will not be
maintained. See Figure 8.
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